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1
SEMICONDUCTOR DEVICE AND METHOD
OF FORMING THE SAME

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a semiconductor device
and a method of forming the same.

2. Description of Related Art

In order to reduce the power loss of the device, an ultra-
high voltage device is required to have a high breakdown
voltage and a low on-state resistance (Ron) during operation.
Currently, in the existing ultra-high voltage device, the cur-
rent crowding effect is often observed at the source terminal
and a breakdown point is therefore generated. As a result, the
breakdown voltage of the device is decreased, and the leakage
current of the same is very high.

SUMMARY OF THE INVENTION

The present invention is directed to a semiconductor device
and a method of forming the same, in which a semiconductor
device is provided with a high breakdown voltage and a low
leakage current.

The present invention provides a semiconductor device
including a substrate, a source region and a drain region, an
isolation structure, a gate structure and a conductive layer.
The source and drain regions have a first conductivity type
and are disposed in the substrate. The isolation structure is
disposed between the source region and the drain region. The
gate structure is disposed on the substrate between the source
region and the drain region. The conductive layer is disposed
on the substrate, at least extends from above the source region
to above the isolation structure, and is electrically connected
to the source region. The substrate includes a first area and the
second area, a border curvature of the source region in the
second area is greater than a border curvature of the source
region in the first area, and a width of the a portion of the
conductive layer covering the isolation structure in the second
area is greater than a width of another portion of the conduc-
tive layer covering the isolation structure in the first area.

According to an embodiment of the present invention, the
conductive layer is an upmost metal layer.

According to an embodiment of the present invention, the
semiconductor device includes a plurality of straight-line
regions and a plurality of curved regions, one of the straight-
line regions is located in the first area, and one of the curved
regions is located in the second area.

According to an embodiment of the present invention, the
source region has a racetrack shape or a U-shape.

According to an embodiment of the present invention, the
semiconductor device further includes a top layer having a
second conductivity type and disposed in the substrate below
the isolation structure, and a grade layer having the first
conductivity type and disposed between the top layer and the
isolation structure.

According to an embodiment of the present invention, the
semiconductor device further includes: a first well region,
having a second conductivity type and disposed in the sub-
strate, wherein the source regions is located in the first well
region, and the gate structure covers a portion of the first well
region; a doped region, having the second conductivity type
and disposed in the first well region adjacent to the source
region, wherein the doped region and the source region are
connected to the conductive layer; and a second well region,
having the first conductivity type and disposed in the sub-
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2

strate, wherein the first well region and the drain region are
located in the second well region.

The present invention further includes a method of forming
a semiconductor device. An isolation structure is formed on a
substrate. A gate structure is formed on the substrate. Source
and drain regions having a first conductivity type are formed
in a substrate beside the gate structure and the isolation struc-
ture, wherein the source region is approximate to the gate
structure, and the drain region is approximate to the isolation
structure. A conductive layer is formed on the substrate,
wherein the conductive layer extends from above the source
region to above the isolation structure and is electrically con-
nected to the source region. The substrate includes a first area
and the second area, a border curvature of the source region in
the second area is greater than a border curvature of the source
region in the first area, and a width of the a portion of the
conductive layer covering the isolation structure in the second
area is greater than a width of another portion of the conduc-
tive layer covering the isolation structure in the first area.

According to an embodiment of the present invention, the
conductive layer is an upmost metal layer.

According to an embodiment of the present invention, the
semiconductor device includes a plurality of straight-line
regions and a plurality of curved regions, one of the straight-
line regions is located in the first area, and one of the curved
regions is located in the second area.

According to an embodiment of the present invention, the
source region has a racetrack shape or a U-shape.

According to an embodiment of the present invention, the
method further includes forming a top layer having a second
conductivity type in the substrate below the isolation struc-
ture; and forming a grade layer of the first conductivity type
between the top layer and the isolation structure.

According to an embodiment of the present invention, the
method further includes: forming a first well region having a
second conductivity type in the substrate, wherein the source
regions is located in the first well region, and the gate struc-
ture covers a portion of the first well region; forming a doped
region having the second conductivity type in the first well
region adjacent to the source region, wherein the doped
region and the source region are connected to the conductive
layer; and forming a second well region having the first con-
ductivity type in the substrate, wherein the first well region
and the drain region are located in the second well region.

In view of the above, in the semiconductor device of the
invention, the conductive layer (e.g. topmost metal layer) is
designed to have different widths according to the border
curvatures of the source region, so as to dissipate the high
electric field at a more curved or corner region. Therefore, the
breakdown voltage of the device is increased, and the leakage
current of the same is reduced.

In order to make the aforementioned and other objects,
features and advantages of the present invention comprehen-
sible, a preferred embodiment accompanied with figures is
described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1 illustrates a top view of a semiconductor device
according to an embodiment of the present invention.

FIG. 2A to FIG. 2G illustrates cross-sectional views of a
method of forming a semiconductor device according to an
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embodiment of the present invention, in which FIG. 2G illus-
trates two cross-sectional views taken along the lines I-I and
II-1T of FIG. 1.

FIG. 3 is a graph illustrating leakage current curves of three
semiconductor devices during the ESD 2 kV test, in which
portions of conductive layers covering isolation structures
have different widths in respective source terminals of the
devices.

FIG. 4 is a graph illustrating breakdown voltage curves of
three semiconductor devices during the ESD 2 kV test, in
which portions of conductive layers covering isolation struc-
tures have different widths in respective source terminals of
the devices.

DESCRIPTION OF EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

The concept of the invention can be applied to a semicon-
ductor device having a curved region in its source region, for
example but not limited to, a semiconductor device having a
racetrack-shaped source region or a U-shaped source region.
In the semiconductor device of the invention, the conductive
layer (e.g. topmost metal layer) is designed to have different
widths according to the border curvatures of the source
region, so as to dissipate the high electric field at a more
curved or corner region. Therefore, the breakdown voltage of
the device is increased, and the leakage current of the same is
reduced. The following embodiment in which a semiconduc-
tor device has a U-shaped source region is provided for illus-
tration purposes, and is not construed as limiting the present
invention.

FIG. 1 illustrates a top view of a semiconductor device
according to an embodiment of the present invention. FIG.
2G illustrates two cross-sectional views taken along the lines
I-I and 1I-1T of FIG. 1.

In the following embodiment, the first conductivity type is
N-type, and the second conductivity is P-type. The P-type
dopant includes boron, and the N-type dopant includes phos-
phor or arsenic. However, the present invention is not limited
thereto. In another embodiment, the first conductivity type
can be P-type and the second conductivity type can be N-type.

Referring to FIG. 1 and FIG. 2G, the semiconductor device
99 of the present invention can be a high voltage device, an
ultra-high voltage device having an operation voltage of 300
to 1,000 V, a power device, a laterally diffused metal oxide
semiconductor (LDMOS) or an insulated-gate bipolar tran-
sistor (IGBT). The semiconductor device 99 includes a sub-
strate 10, isolation structures 24a to 24d, a gate structure 30,
a source region 34, a drain region 36 and a metal intercon-
nection 60 including conductive layers 50a, 505, etc. The
semiconductor device 99 of the invention can further include
well regions 12, 16 and 18, a top layer 20, a grade layer 22 and
doped regions 38 and 40.

The substrate 10 can be a semiconductor substrate having
a second conductivity type, such as a P-type substrate. The
semiconductor substrate can include at least one material
selected from the group consisting of Si, Ge, SiGe, GaP,
GaAs, SiC, SiGeC, InAs and InP. The substrate 10 can be a
silicon-on-insulator (SOI) substrate. The substrate 10 can
also be an epitaxial wafer having the second conductivity
type, such as a P-type epitaxial (P-epi) wafer.

In an embodiment, the semiconductor device 99 includes a
plurality of straight-line regions and a plurality of curved
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regions, but the present invention is not limited thereto. In this
embodiment, the first area 100 of the substrate 10 can be a
straight-line region where the source region 34 has a less
border curvature or zero curvature, and the second area 200 of
the substrate 10 can be a curved region where the source
region 34 has a greater border curvature.

The well region 12 has the first conductivity type and is
disposed in the substrate 10. The well region 12 can be an
N-type well region or called a high voltage N-well (HVNW).
The well regions 16 and 18 have the second conductivity type
and can be P-type well regions. The well region 16 is disposed
in the substrate 10 adjacent to the well region 12. The well
region 18 is disposed in the well region 12.

The isolation structures 24a to 24d are disposed on the
substrate 10. Specifically, the isolation structure 24a covers a
portion of the well region 16. The isolation structure 245
covers another portion of the well region 16 and extends to
cover a portion of the well regions 12 and 16. The isolation
structures 24¢ and 244 are disposed on a portion of the well
region 12 at one side of the well region 18. The isolation
structure 24c¢ is disposed between the well region 18 and the
isolation structure 24d. Each of the isolation structures 24a to
244 includes an insulating material, such as undoped silicon
oxide, silicon nitride or a combination thereof.

The gate structure 30 includes a gate dielectric layer 26 and
a gate conductive layer 28. The gate structure 30 is disposed
on the substrate 12 and covers a portion of the well regions 18
and 12. The gate structure 30 can extend onto the isolation
structure 24c¢. A spacer 32 can be disposed on the sidewall of
the gate structure 30. The spacer 32 includes silicon oxide,
silicon nitride or a combination thereof.

The source region 34 and the drain region 36 have the first
conductivity type and can be N* source and drain regions. The
source and drain regions 34 and 36 are disposed in the sub-
strate 10 beside the gate structure 30 and the isolation struc-
ture 24¢, wherein the source region 34 is approximate to the
gate structure 30, and the drain region 36 is approximate to the
isolation structure 24¢. Specifically, the source region 34 is
disposed in the well region 18 at one side of the gate structure
30. The drain region 36 is disposed in the well region 12
between the isolation structures 24¢ and 24d. The source and
drain regions 34 and 36 have a doping concentration of
1x10™*/cm? to 9x10"%/cm?, for example.

The doped regions 38 and 40 have the second conductivity
type and can be P-type heavily doped (P*) regions. The doped
region 38 is disposed in the well region 18 between the
isolation structure 245 and the source region 34. The doped
region 40 is disposed in the well region 16. The doped regions
38 and 40 have a doping concentration of 1x10**/cm? to
9x10'%/cm?, for example.

The top layer 20 has the second conductivity type and can
be a P-type top (P-top) layer. The top layer 20 is disposed in
the well region 12 below the isolation structure 24c¢ for
increasing the breakdown voltage. The grade layer 22 has the
first conductivity type and can be an N-type grade (N-grad)
layer disposed between the top layer 20 and the isolation
structure 24¢ for reducing the on-state resistance. The grade
layer 22 has a doping concentration no less than that of the
well region 12. The top layer 20 has a doping concentration of
1x10*/cm? to 9x10*%/cm?, for example. The grade layer 22
has a doping concentration of 1x10'!/cm? to 9x10**/cm?, for
example.

In an embodiment, the metal interconnection 60 includes,
for example but not limited to, a dielectric layer 42, contacts
44a to 44¢, conductive layers (or called first metal layers) 46a
to 46d, a dielectric layer 48, vias 52a to 526 and conductive
layers (or called top metal layers) 50a to 505. In another
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embodiment, the metal interconnection 60 can further
include a plurality of conductive layers (or called metal lay-
ers) and a plurality of vias disposed between the conductive
layers 46a-46d and the conductive layers 50a-5056. The con-
ductive layer 46a is electrically connected to the doped region
40 through the contact 44a. The conductive layer 465 is
electrically connected to the doped region 38 and the source
region 34 respectively through the contacts 445 and 44¢. The
conductive layer 46c¢ is electrically connected to the gate
conductive layer 28 through the contact 44d. The conductive
layer 46d is electrically connected to the drain region 36
through the contact 44e.

The conductive layers 50a and 505 can be the topmost
metal layers of the metal interconnection 60. The conductive
layers 50a and 505 can be electrically connected to the con-
ductive layers 46a to 464 through the vias 52a to 5256. The
conductive layer 50a (referred to as a source metal layer) at
least extends from above the source region 34 (or the isolation
structure 24b) to above the isolation structure 24¢ and is
electrically connected to the source region 34 through the via
52a, the conductive layer 465 and the contact 44¢. The con-
ductive layer 505 (referred to as a drain metal layer) at least
extends from above the isolation structure 24¢ to above the
isolation structure 24d and is electrically connected to the
drain region 36 through the via 52a, the conductive layer 465
and the contact 44e.

Referring to FIG. 1 and FIG. 2G, a portion of the conduc-
tive layer 50a covering the isolation structure 24¢ in the first
area 100 has a width W1. The width W1 is a distance from a
point of the conductive layer 50a which corresponds to the
object point OP1 of the isolation structure 24¢ to the edge of
the conductive layer 50a near the conductive layer 505 in the
first area 100. Another portion of the conductive layer 50a
covering the isolation structure 24¢ in the second area 200 has
a width W2. The width W2 is a distance from a point of the
conductive layer 50a which corresponds to the object point
OP2 of the isolation structure 24c to the edge of the conduc-
tive layer 50a near the conductive layer 505 in the second area
200. In this embodiment, the width W1 of the another portion
of the conductive layer 50q in the second area 200 is greater
than the width W2 of the portion of the conductive layer 50a
in the first area 100; that is, W2>W1. The width W2 is about
1.5 to 5 times the width W1, for example.

Inthe top view of FI1G. 1, the border curvature of the source
region 34 is gradually increased from the area 100 to the area
200. In this embodiment, the width of the portion of the
conductive layer 50a covering the isolation structure 24c is
also gradually and smoothly increased from the area 100 to
the area 200; that is, the conductive layer 50a has a smooth
border as shown in FIG. 1. In another embodiment (not
shown), the width of the portion of the conductive layer 50a
covering the isolation structure 24¢ can also be gradually and
stepwise increased from the area 100 to the area 200; that is,
the conductive layer 50q has a stepped border.

The said embodiment in which the first area 100 of the
substrate 10 is a straight-line region of the semiconductor
device 99 and the second area 200 of the substrate 10 is a
curved region of the semiconductor device 99 are provided
for illustration purposes, and is not construed as limiting the
present invention. As long as the source region 34 of the
semiconductor device 99 has a border curvature in the first
area 100 less than that in the second area 200, such semicon-
ductor device falls within the scope of the present invention.

FIG. 2A to FIG. 2G illustrates cross-sectional views of a
method of forming a semiconductor device according to an
embodiment of the present invention.
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Referring to FIG. 2A, a substrate 10 having a first area 100
and a second area 200 is provided. Thereafter, a patterned
mask layer 102 is formed on the substrate 10. The patterned
mask layer 102 includes a photoresist or a dielectric material.
Afterwards, an ion implantation process is performed by
using the patterned mask layer 102 as an implant mask, so as
to form a well region 12 having a first conductivity type in the
substrate 10. The well region 12 can be an N-type well region.
In the ion implantation process, the dopant includes phosphor
or arsenic, the doping dose ranges from 1x10''/em” to
9x10'%/cm?, and the implanting energy ranges from 50 KeV
to 200 KeV, for example.

Referring to FIG. 2B, the patterned mask layer 102 is
removed. Thereafter, a patterned mask layer 104 is formed on
the substrate 10. The patterned mask layer 104 includes a
photoresist or a dielectric material. Afterwards, an ion
implantation process is performed by using the patterned
mask layer 104 as an implant mask, so as to form well region
16 and 18 having a second conductivity type in the substrate
10. The well regions 16 and 18 can be P-type well regions. In
the ion implantation process, the dopant includes boron, the
doping dose ranges from 1x10'*/cm? to 9x10"*/cm?, and the
implanting energy ranges from 50 KeV to 200 KeV, for
example.

Referring to FIG. 2C, the patterned mask layer 104 is
removed. Thereafter, a patterned mask layer 106 is formed on
the substrate 10. The patterned mask layer 106 includes a
photoresist or a dielectric material. Afterwards, an ion
implantation process is performed by using the patterned
mask layer 106 as an implant mask, so as to form a top layer
20 having the second conductivity type in the substrate 10.
The top layer 20 can be a P-type top layer. In the ion implan-
tation process, the dopant includes boron, the doping dose
ranges from 1x10"!/cm? to 9x10"*/cm?, and the implanting
energy ranges from 50 KeV to 200 KeV, for example.

Continue referring to FIG. 2C, another ion implantation
process is performed by using the patterned mask layer 106 as
animplant mask, so as to form a grade layer 22 having the first
conductivity type in the substrate 10. The grade layer 22 can
be an N-type grade layer. In the another ion implantation
process, the dopant includes phosphor or arsenic, the doping
dose ranges from 1x10'%/cm?® to 9x10'%/cm® and the
implanting energy ranges from 50 KeV to 200 KeV, for
example.

Referring to FIG. 2D, the patterned mask layer 106 is
removed. Thereafter, isolation structures 24a to 24d are
formed to define active areas. The isolation structures 24a to
244 include undoped silicon oxide, and can be formed with a
field oxide isolation process or a shallow trench isolation
process. The isolation structures 24a to 24d have a thickness
0t 100 nm to 800 nm, for example.

Referring to FIG. 2E, a gate structure 30 is formed on the
substrate 10 adjacent to the isolation structure 24c¢. In an
embodiment, the gate structure 30 further extends onto a
portion of the isolation structure 24c¢. The gate structure 30
includes a gate dielectric layer 26 and a gate conductive layer
28. The gate dielectric layer 26 includes a high-k or low-k
material. The low-k material is referred to as a dielectric
material having a dielectric constant less than 4, such as
silicon oxide or silicon oxynitride. The high-k material is
referred to as a dielectric material having a dielectric constant
greater than 4, such as HfAIO, HfO,, Al,O; or Si;N,. The
gate dielectric layer 26 can be formed with a thermal oxide
process or a chemical vapour deposition process. The gate
conductive layer 28 includes polysilicon, metal, metal sili-
cide or a combination thereof. The gate conductive layer 28
can be formed with a chemical vapour deposition process.
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Thereafter, a spacer 32 is formed on the sidewall of the gate
structure 30. The spacer 32 includes silicon oxide, silicon
nitride or a combination thereof. The method of forming the
spacer 32 includes forming a spacer material layer and then
performing an anisotropic etching process to the spacer mate-
rial layer.

Afterwards, a source region 34 having the first conductivity
type is formed in the well region 18 at one side of the gate
structure 30, and a drain region 36 is formed in the well region
12 at the other side of the gate structure 30 (or the isolation
structure 24¢). The method of forming the source and drain
regions 34 and 36 includes forming a patterned mask layer
(not shown) and then performing an ion implantation process.
The source and drain regions 34 and 36 can be N-type heavily
doped regions. In the ion implantation process, the dopant
includes phosphor or arsenic, the doping dose ranges from
1x10"*/cm? to 9x10"%/cm?, and the implanting energy ranges
from 50 KeV to 200 KeV, for example.

Referring to FIG. 2F, a doped region 38 having the second
conductivity type is formed in the well region 18, and a doped
region 40 having the second conductivity type is formed in the
well region 16. The method of forming the doped regions 38
and 40 includes forming a patterned mask layer (not shown)
and then performing an ion implantation process. The doped
regions 38 and 40 can be P-type doped regions. In the ion
implantation process, the dopant includes boron, the doping
dose ranges from 1x10™*/cm? to 10*%/c¢cm?, and the implanting
energy ranges from 50 KeV to 200 KeV, for example.

Referring to FIG. 2G, a metal interconnection 60 is formed
on the substrate 10. In this embodiment, the metal intercon-
nection 60 includes, for example but not limited to, a dielec-
tric layer 42, contacts 44a to 44e, conductive layers (or called
first metal layers) 46a to 464, a dielectric layer 48, vias 52a to
52b and conductive layers (or called top metal layers) 50a to
5056. In an embodiment, the method of forming the metal
interconnection 60 includes the following steps. The dielec-
tric layer 42 is formed on the substrate 10. The conductive
layers 46a to 46d are formed on the dielectric layer 42. There-
after, the contacts 44a to 44e are formed in the dielectric layer
42. Afterwards, the dielectric layer 48 is formed on the sub-
strate 10. Then, the vias 52a to 525 are formed in the dielectric
layer 48. Next, the conductive layers (or called top metal
layers) 50a to 505 is formed on the dielectric layer 48. The
dielectric layers 42 and 48 include silicon oxide, silicon
nitride, silicon oxynitride or a low-k dielectric material hav-
ing a dielectric constant less than 4, and can be formed with at
least one chemical vapour deposition process or spin coating
process. The contacts 44a to 44e and the vias 52a to 526
include aluminium, tungsten or an alloy thereof, and can be
formed with at least one chemical or physical vapour depo-
sition process. The method of forming the contacts 44a to 44¢
includes forming contact openings in the dielectric layer 42,
depositing a conductive material layer in the contact open-
ings, and removing a portion of the conductive material layer
on the dielectric layer 42 outside the contact openings. The
forming method of the vias 52a to 525 is similar to that of the
contacts 44a to 44e, and the details are not iterated herein. The
method of forming the conductive layers 46a to 44d or the
conductive layers 50a to 505 includes forming at least one
conductive material layer and then patterning the conductive
material layer. The at least one conductive material layer
includes metal or metal alloy, such as aluminium, tungsten or
an alloy thereof. The at least one conductive material layer
can be formed with at least one chemical or physical vapour
deposition process. The method of forming the metal inter-
connection 60 is not limited by the above-described manner.
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In another embodiment, the metal interconnection 60 can be
formed with a metal damascene process.

After the formation of the metal interconnection 60, a
protection layer (not shown) is further formed on the substrate
10 to cover the conductive layers 50a to 505 and the dielectric
layer 48. The protection layer can be a single-layer or multi-
layer structure. The protection layer includes an inorganic
material, an organic material or a combination thereof. The
inorganic material includes silicon oxide, silicon nitride or a
combination thereof. The organic material includes polyim-
ide (PD).

FIG. 3 and FIG. 4 are graphs respectively illustrating leak-
age current curves and breakdown voltage curves of three
semiconductor devices during the ESD 2 kV test, in which
portions of conductive layers 50a covering isolation struc-
tures 24¢ have different widths W2 in respective curved
regions (e.g. the second areas 200 in FIG. 2G) of the devices.
The widths W2 of'the semiconductor devices are respectively
a, b and ¢, wherein a<b<c.

As shown in the experiment results, when the portion of the
conductive layer covering the corresponding isolation struc-
ture has a greater width at the source terminal, the leakage
current of the device is decreased and the breakdown voltage
of the same is increased. In other words, the 700 V semicon-
ductor device of the invention can pass the ESD 2 keV test, as
along as the width of the portion of the conductive layer
covering the isolation structure at the source terminal is
adjusted to an optimum value. In the actual application, the
structure of the invention can be applied to an ultra-high
voltage device having an operation voltage of 300 to 1,000 V.

In summary, in the present invention, the portions of the
conductive layer covering the isolation structure at different
areas can be adjusted to have different widths. For example,
the conductive layer (e.g. the topmost metal layer) at the more
curved or corner region of the source region is designed to
have a greater width, while another portion of the conductive
layer (e.g. the topmost metal layer) covering the isolation
structure at the less curved or straight-line region of the
source region is designed to have a less width. In other words,
the conductive layer (e.g. the topmost metal layer) is designed
to have a greater area at the more curved or corner region of
the source region, at which the high electric field can be
uniformly distributed. By such disposition, the device can be
provided with a higher breakdown voltage, a lower leakage
current and an improved ESD protection capability.

In addition, in the method of forming the semiconductor
device of the invention, the patterns of the photomask for
defining the conductive layer (e.g. the topmost metal layer)
can be changed, so that the conductive layer (e.g. the topmost
metal layer) can be formed to have a greater width (or area) at
the more curved or corner region, at which the high electric
field can be uniformly distributed, so as to increase the break-
down voltage, decrease the leakage current, and improve the
ESD protection capability of the device.

The present invention has been disclosed above in the
preferred embodiments, but is not limited to those. It is known
to persons skilled in the art that some modifications and
innovations may be made without departing from the spirit
and scope of the present invention. Therefore, the scope ofthe
present invention should be defined by the following claims.

What is claimed is:

1. A semiconductor device, comprising:

a source region and a drain region, having a first conduc-
tivity type and disposed in a substrate;

an isolation structure, disposed between the source region
and the drain region;
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a gate structure, disposed on the substrate between the
source region and the drain region;

a conductive layer, disposed on the substrate, at least
extending from above the source region to above the
isolation structure, and electrically connected to the
source region,

wherein the substrate comprises a first area and a second
area, a border curvature of the source region in the sec-
ond area is greater than a border curvature of the source
region in the first area, and a width of the a portion of the
conductive layer covering the isolation structure in the
second area is greater than a width of another portion of
the conductive layer covering the isolation structure in
the first area.

2. The semiconductor device of claim 1, wherein the con-

ductive layer is an upmost metal layer.

3. The semiconductor device of claim 1, wherein the semi-
conductor device comprises a plurality of straight-line
regions and a plurality of curved regions, one of the straight-
line regions is located in the first area, and one of the curved
regions is located in the second area.

4. The semiconductor device of claim 1, wherein the source
region has a racetrack shape or a U-shape.

5. The semiconductor device of claim 1, further compris-
ing:

atop layer, having a second conductivity type and disposed
in the substrate below the isolation structure; and

a grade layer, having the first conductivity type and dis-
posed between the top layer and the isolation structure.

6. The semiconductor device of claim 1, further compris-
ing:

a first well region, having a second conductivity type and
disposed in the substrate, wherein the source regions is
located in the first well region, and the gate structure
covers a portion of the first well region;

a doped region, having the second conductivity type and
disposed in the first well region adjacent to the source
region, wherein the doped region and the source region
are connected to the conductive layer; and

a second well region, having the first conductivity type and
disposed in the substrate, wherein the first well region
and the drain region are located in the second well
region.

7. A method of forming a semiconductor device, compris-

ing:

forming an isolation structure on a substrate;
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forming a gate structure on the substrate;

forming a source region and a drain region both having a
first conductivity type in a substrate beside the gate
structure and the isolation structure, wherein the source
region is approximate to the gate structure, and the drain
region is approximate to the isolation structure;

forming a conductive layer on the substrate, wherein the
conductive layer extends from above the source region
to above the isolation structure and is electrically con-
nected to the source region,

wherein the substrate comprises a first area and a second

area, a border curvature of the source region in the sec-
ond area is greater than a border curvature of the source
region in the first area, and a width of the a portion of the
conductive layer covering the isolation structure in the
second area is greater than a width of another portion of
the conductive layer covering the isolation structure in
the first area.

8. The method of claim 7, wherein the conductive layer is
an upmost metal layer.

9. The method of claim 7, wherein the semiconductor
device comprises a plurality of straight-line regions and a
plurality of curved regions, one of the straight-line regions is
located in the first area, and one of the curved regions is
located in the second area.

10. The method of claim 7, wherein the source region has
a racetrack shape or a U-shape.

11. The method of claim 7, further comprising,

forming a top layer having a second conductivity type in

the substrate below the isolation structure; and
forming a grade layer of the first conductivity type between
the top layer and the isolation structure.

12. The method of claim 7, further comprising:

forming a first well region having a second conductivity

type in the substrate, wherein the source regions is
located in the first well region, and the gate structure
covers a portion of the first well region;

forming a doped region having the second conductivity

type in the first well region adjacent to the source region,
wherein the doped region and the source region are
connected to the conductive layer; and

forming a second well region having the first conductivity

type in the substrate, wherein the first well region and the
drain region are located in the second well region.
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